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2009 年 1 月至 4 月检测 PM2.5 和 PM10 中汞的日均浓度分别为 17±9 pg·m-3
和 20±10 pg·m-3。大气颗粒汞主要聚集在细颗粒物上。2010 年 3 月至 4 月在 5
个不同采样点采集 PM10 中汞的浓度为 3~49 pg·m-3。沙尘暴给各采样点的 PM10
及其中的汞浓度带来很大影响。夜辩 PM10 中汞的浓度会稍高于日辩，这可能与
夜辩较强的逆温及很少的垂直混合有关。2009 年 8 月至 2010 年 1 月采集气态元
素汞（Gaseous Elemental Mercury, GEM）、颗粒态总汞（Total Particulate Mercury, 
TPM）的日均浓度分别为 1.453±0.498 ng·m-3 和 35±16 pg·m-3。进入海洋边界层
（Marine Boundary Layer, MBL）的污染物会提高活性气态汞（Reactive Gaseous 
Mercury, RGM）在大气中的停留辩辩，降低 GEM 的周期，使海边陆地 GEM 的
浓度低于本地背景值。秋冬两季的 GEM 浓度相差不大。各风向对 GEM 含量的
贡献量相差不大。非主导风向的西南风（SW）和南风（S）带来的较高的 TPM
含量。GEM 和 TPM 均与风速、气温存在一定的正相关，说明汞含量受气流迁移
影响，受外源影响不明显。颗粒物中的元素碳（Elemental Carbon，EC）吸附大

















2009 年 4 月至 2010 年 1 月，采集降雨中总汞（THg）、溶解态汞（DHg）的
月平均浓度分别为 12.3±3.9 ng·L-1 和 5.5±3.3 ng·L-1。雨水中颗粒态汞（PHg）
占 THg 的比例为 54%。THg 的浓度呈现季节变化，春季 > 夏季 > 冬季 > 秋
季，秋冬季节相差不大。DHg 呈现相同的变化规律。秋冬季降雨较少，对大气
中 TPM 和 RGM 的冲刷作用小，雨水中的汞含量较低。春夏季节，气温回升，
自然汞释放量增加，同辩大量的降雨冲刷大气中的 TPM 和 RGM，导致更多的
GEM 被氧化，用以补充被冲刷的汞，使得雨水中汞浓度出现较高的现象。 
（3）大气汞干湿沉降 
用“big-leaf”模型计算出 RGM 和 TPM 的干沉降速率分别为 2.43±0.32 cm·s-1
和 0.11±0.08 cm·s-1。本研究没有将 GEM 纳入大气汞的干沉降范围内。结合汞沉
降速率，使用沉降模型计算出 2009 年 8 月至 2010 年 1 月大气汞的月平均干沉降
通量为 3.11~5.73 μg·m-2，2009 年 6 月至 2010 年 1 月汞的月平均湿沉降通量为
0.11~9.22 μg·m-2。降水是影响大气汞沉降机制的一个极为重要的因素。高降雨量
可以增加大气汞的湿沉降，减少 RGM 对大气汞干沉降的贡献。MBL 被认为可





释放。GEM 和 TPM 的日平均模型计算值与实测值的偏差系数分别有 84%和 79% 
< 2。模型计算出的 GEM、TPM 峰值可能由当日空气中存在的首要污染物 PM10























Mercury (Hg) is one of the most highly toxic heavy metals and it is the only heavy 
metal that can exist in gas phase. Atmospheric mercury can transport in global scale 
and finally get into land and water ecosystems via wet and dry deposition. The 
bioaccumulation of the highly toxic methyl mercury in the aquatic nutrition chain 
poses a serious environmental problem. China has highest mercury emissions from 
anthropogenic activities, which is more than 600 tons of mercury, and contributes 
about 28% to the global emissions of mercury. It is estimated that the mercury 
emission amount will increase as the growing coal consumption and the demand for 
non-ferrous metal products such as zinc, lead. But in China, monitoring data on 
atmospheric mercury concentration and its wet and dry deposition fluxes are seldom, 
and research work on mercury inventory are still lack. Large amount of research data 
are urgently needed to get a better understanding on the background concentration of 
the atmospheric mercury and its temporal and spatial distribution in China. 
Mercury concentration both in atmosphere and rainfall, and mercury wet and dry 
deposition fluxes were studied in seaside sampling site. Monitoring data and 
HYSPLIT-4 model simulated data were also compared in this thesis. The results are as 
follows. 
(1) Atmospheric mercury concentration 
The daily mercury concentration in PM2.5 and PM10 are 17±9 pg·m-3 and 20±10 
pg·m-3 from January to April, 2009. Particulate mercury is mainly on fine particles. 
The daily mercury concentration in PM10 which sampled in 5 different sampling sites 
are 3~49 pg·m-3 from March to April, 2010. Dust storm has significant impact on the 
concentration of both PM10 and mercury. Mercury concentrations at nighttime are 
higher than that in daytime, and this may be related to the strong temperature 















elemental mercury (GEM) and total particulate mercury (TPM) are 1.453±0.498 
ng·m-3 and 35±16 pg·m-3 from August 2009 to January 2010. The pollutants in 
Marine Boundary Layer (MBL) may increase the existing time of RGM and lower the 
GEM life time, this caused the GEM concentration in seaside lower than that of the 
back ground concentration. There is no significant difference of GEM concentration 
in autumn and winter. GEM concentrations in different wind direction have little 
difference. Non-dominant wind direction of the southwest wind (SW) and southerly 
(S) caused a higher content of TPM. Both GEM and TPM have some positive 
correlation with the wind speed and air temperature, indicating that mercury is 
influenced by the migration of the air, but no significant influenced by external source. 
The elemental carbon (EC) adsorbs atmospheric mercury at 0.99 mg(Hg) ·g-1(EC). 
TPM concentration decreases with rainfall event happens. 
(2) Mercury in rainwater 
The concentration of the total mercury (THg) and the dissolved mercury (DHg) 
in rainwater are 12.3±3.9 ng·L-1 and 5.5±3.3 ng·L-1 from April 2009 to January 
2010. Particulate mercury in rainwater account 54%. THg has seasonal variation 
with the order of: spring > summer > winter >autumn, and winter and autumn has no 
significant difference. DHg had the same seasonal variation. There is less 
precipitation in autumn and winter to washout the TPM and RGM, lower mercury is 
contained in rainwater. The air temperature rise in spring and summer cause more 
mercury emission from natural source, at the same time, large amount of rainfall 
washout the TPM and GEM, leading more oxidation of GEM, cause high 
concentration of mercury in rainwater. 
(3)Wet and dry deposition of mercury 
Using “big-leaf” model to calculate the dry deposition rate of RGM and TPM, 
and the data obtained were 2.43±0.32 cm·s-1 and 0.11±0.08 cm·s-1. Dry deposition 
of GEM was not considered in this study. The average monthly dry deposition fluxes 
of mercury were 3.11~5.73 μg·m-2 between the time period between August 2009 
and January 2010, and the wet deposition fluxes were 0.11~9.22 μg·m-2 from April 















high rainfall could increase the mercury wet deposition amount and reduced mercury 
dry deposition amount,which RGM attributed to. MBL is believed to be an important 
source of RGM, and sea salt can strongly remove RGM, therefore, atmospheric 
mercury dry deposition fluxes were higher at seaside. Besides, acid deposition can 
increase the wet and dry deposition amounts of atmospheric mercury. 
(4) Atmospheric mercury model 
The model we selected in this thesis was HYSPLIT-4, which didn’t take mercury 
re-emission into consider. The deviation coefficient of this model that simulated and 
detected the daily concentrations of GEM and TPM had 84% and 79% of total being 
within a factor of 2. The peak concentration which the model calculated may caused 
by PM10. The average calculated values of the GEM, TPM and mercury total 
deposition fluxes are about 95%, 117%, and 127% of their monitoring values, 
respectively. Model input data (such as mercury emission inventory, assumptions, etc) 
directly affects the credibility of the results. The meteorological data that 
HYSPLIT-4 model used is relatively coarse, and these may cause big difference 
between simulated and measured values. 
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进行了大量研究。汞作为全球污染物的国际研讨会（The International Conference 



















占全球排放总量的 28%，约为 600 t·a-1。燃煤和有色金属冶炼是我国两个 大的


















在自然界中汞存在七种稳定同位素和四种放射性核素，其中 197Hg 和 200Hg 
（半衰期分别为 61.4 h 和 46.6 h）在衰变过程中会放出容易探测到的 γ射线，因
而在中子活化分析和汞的化合物的同位素示踪中也有着较大的作用（Schroeder, 
1998）。 
在元素周期表中，汞属于过渡元素，与 Zn 和 Cd 同属于 BⅡ 副族。从它们
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